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Abstract 



PROBLEM TO BE SOLVED: To improve the productivity of a thin-film magnetic head and to 
provide the thin-film magnetic head having a structure suitable for such a working process. 
SOLUTION: An Si single crystal substrate 1 is used as the substrate 1 of the thin-film magnetic 
head and the gap depth of the thin-film magnetic head is formed along the substrate thickness 
direction of a slope formed by anisotropic etching of Si, by which the structure of the thin-film 
magnetic head allowing the working to a slider shape without cutting the substrate 1 is obtd. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [The technical 
field to which invention belongs] this invention relates to the 
structure and the manufacture method of the thin film magnetic 
head. It is related with the thin film magnetic head which uses a 
single crystal Si as a substrate, and its manufacture method in 
more detail. [0002] [Description of the Prior Art] In the 
magnetic recording medium, highly ef f icient -ization of the magnetic 
head is called for with improvement in recording density. The 
recording head requires a big material of saturation magnetic flux 
density with the raise in the coercive force of a medium. By the 
reproducing head, the increase in a reproduction output is achieved 
by the so-called MR head using the magnetoresistance effect being 
used being able to cope with the fall of the relative velocity 
accompanying the miniaturization of a medium. [0003] The expanded 
sectional view of drawing 6 (a) and the head section is shown for 
the whole thin film magnetic-head block diagram in the conventional 
magnetic recording medium in this drawing (b) . [0004] As shown in 
drawing 6 (b) , the magnetic head concerned is constituted by the 
shielded type MR head section for reproduction, and the recording 
head section. [0005] aluminum203-TiC with a degree of hardness 
with the aforementioned, very high shielded type MR head section 
for reproduction, As the so-called Al Chick substrate 9 and an 
insulating layer, an about 3 -micrometer alumina layer, The lower 
shield layer 21 by the soft-magnetism layer, an alumina insulating 
layer (0 . 1 2-0 . 1 3 micrometer : illustration of thickness is not done) , 
-It consists of forms where MR element 3, magnetic-domain control 
film, read-out lead layer, alumina insulating-layer (0.12-0.13 
micrometer : illustration of thickness is not done) , and lower shield 
layer 22 grade is formed one by one. An antif erromagnetism film 
which is represented by the hard film material of the CoPt system 
of high coercive force or FeMn, and NiO as a material of the 
aforementioned magnetic-domain control layer is used. As for the 
aforementioned lower shield layer 22, material with a high degree 
of hardness usually like FeAlSi is used as the material. Material, 
such as Ta and Cu, is mainly used for the aforementioned lead 
layer. [0006] The aforementioned lower shield layer 22 is shared 
as a core of the recording head section, and the aforementioned 
recording head section consists of forms where the coil 4 for 
record formed by the alumina film used as a record gap, Cu, etc., 
an organic insulating layer, the core 23 for record using NiFe, the 
electrode element that consists of Cu and Au, an alumina protective 
coat, etc. are formed one by one. The above is the element 
structure of the general thin film magnetic head. [0007] The 
processing process of the element structure concerned is explained 
using drawing 7 . In addition, in the following explanation, in 
order to offer the element structure concerned as an object for 
hard disks, the configuration of a risen [ to surface ] type slider 
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is processed. [0008] First,, the thin film magnetic-head element 
formed on the substrate is started for every block of an one-line 
unit using a slicing machine (Step 1). [0009] And it grinds 
precisely in a precision of the cutting plane of each block" 
submicron [ Bth page ] , and the head height of an MR head and the 
depth of gap of a recording head are controlled (Step 2). [0010] 
Furthermore, in order to process the configuration of a risen [ to 
surface ] type head, patterning is performed (step 3a) and the 
cutting plane of the aforementioned block is ********** e d in a 
predetermined slider configuration by the ion milling method (step 
3b) . The etching depth at this time needs about 20 micrometers and 
very deep processing. [0011] In addition, in order to process it 
with sufficient productivity, this process needs to process many 
collectively as much as possible. After putting in order the 
polished surface of the substrate divided per line with a 
sufficient precision as this processing, formation of a resist 
pattern and ion milling processing are performed. [0012] Then, 
curvature processing of a slider side, chip fragmentation (Step 4), 
and crowning processing are given further (Step 5) , and the DLC 
(DiamondLike Carbon) film protection and for lubricous is formed. 
Furthermore, the risen [ to surface ] type thin film magnetic head 
is completed through processes, such as lead-wire connection and 
installation (Step 6) to a suspension. The enlarged view of a chip 
is shown in drawing 8 by reference. As shown in drawing 8 , the 
head pattern is formed in the side with the chip concerned. [0013] 
[Problem (s) to be Solved by the Invention] A detailed process 
tolerance is required in performing processing of the signal 
recording surface of an MR head and a recording head, and a 
reproduction side. For this reason, in order to improve the 
productivity of a head, the processing process over the above- 
mentioned recording surface and a reproduction side has the fewer 
•desirable one. [0014] However, it set at the conventional 
processing method, especially the process of the above-mentioned 
step 1 - Step 3, cutting processing processing and exposure 
processing processing were performed to the signal recording 
surface and reproduction side of the MR head on the above-mentioned 
block, and a recording head, and productivity was not necessarily 
high. [0015] this application is proposing the new manufacturing 
process replaced with the process of Step 1 in drawing 7 - Step 3, 
aims at improvement in the productivity of a head, and offers the 
thin film magnetic head with the structure which was suitable for 
such a processing process. [0016] [Means for Solving the Problem] 
It is the thin film magnetic head by which MR reproducing-head 
section, the recording head section, etc. are formed on the single- 
crystal-silicon substrate, and the aforementioned silicon substrate 
is formed in the configuration which has the {111} side sections 
and the {100} side sections, the section near the record-medium 
opposed face of the aforementioned MR reproducing-head section and 
the aforementioned recording head section is located on the above- 
mentioned {111} sides, and it is characterized by forming portions 
other than the near section concerned on the above-mentioned {100} 
sides. [0017] Moreover, lead wire for signal drawers is 
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characterized by being taken out from the rear face of a single- 
crystal-silicon substrate- [0018] Moreover, two or more {111} 
sides are formed on the above-mentioned single-crystal-silicon 
substrate, and the above-mentioned MR reproducing-head section and 
the above-mentioned recording head section are characterized by 
being formed on mutually different {111} forming faces. [0019] 
Moreover, it is the thin film magnetic head by which MR 
reproducing-head section, the recording head section, etc. are 
formed on the single-crystal-silicon substrate. The aforementioned 
silicon substrate is formed in the configuration which has the 
{111} side sections and the {100} side sections. The section near 
the record-medium opposed face of the aforementioned MR 
reproducing-head section and the aforementioned recording head 
section is located on the above-mentioned {111} sides. Portions 
other than the near section concerned are the methods of 
manufacturing the thin film magnetic head currently formed on the 
above-mentioned {100} sides, and it is characterized by forming the 
aforementioned {111} field by anisotropic etching. [0020] 
[Embodiments of the Invention] (Gestalt 1 of operation) The whole 
thin film magnetic-head block diagram of this invention is shown in 
drawing 1 (a) , and the expanded sectional view of the head section 
is shown in this drawing (b) . [0021] Such the thin film magnetic 
head can be created as follows. First, a resist pattern is formed 
on Si single crystal substrate 1 which uses the {100} side 1 1 as a 
front face, and it etches into a predetermined slider 
configuration. Although the {111} side 12 of Si is exposed to the 
cross section of the etching depth direction at this time, since 
the etch rate of the {100} side 11 and the {111} side 12 can be 
made into about 180:1 ratio by using the solution of KOH, NaOH, and 
an ethylenediamine system as an etching reagent, side etch can form 
a deep etching configuration easily very few. [0022] Since the 
angle of the slant face of the {111} side 12 is determined by 
crystal orientation at this time, it becomes about 54 and 7 times. 
Since this angle is the angle of inclination of the crystal face, 
it can form a very smooth slant face with an always sufficient 
precision. [0023] Next, the lower shield layer 21 is formed on the 
substrate 1 concerned. Since in the case of the conventional Al 
Chick substrate the degree of hardness is very high and material 
with a high degree of hardness usually like FeAlSi is used as a 
material of a lower shield layer, in order to obtain good soft 
magnetic characteristics, a heat treatment process is required. 
[0024] Use of the NiFe film which excelled [ this invention ] in 
soft magnetic characteristics, without heat-treating by not needing 
material especially with a high degree of hardness since the 
material of the above-mentioned substrate 1 was Si is possible. For 
this reason, use of plating is possible and control of the magnetic 
properties of an inclined plane can be performed. [0025] Next, 
although an insulating layer is formed on the above-mentioned lower 
shield layer 21, since a substrate is Si in the case of this 
invention, there is no need of using an alumina as an insulating 
layer, and it can use Si02 film. Membrane formation of the Si02 
film concerned can use P-CVD and a spatter. When Si02 film is used 
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as an insulating layer, a reactive-ion-etching (RIE) method can be 
used for processing for electrode ejection. Since this is what most 
depends on a chemical reaction as compared with physical processing 
like the ion milling method used for processing of an alumina, it 
can perform few processing of the damage to a lead layer. [0026] 
Next, the MR film 3 is formed. 200 to 300A thickness is formed 
using a NiFe film as a material. The ion beam spatter method is 
used as the membrane formation method of the MR film 3 concerned. 
While optimizing the degree of incident angle of a spatter particle 
by using the ion beam spatter method, magnetic properties are 
controllable by impressing a magnetic field at the time of a 
spatter. [0027] In addition, it is necessary to process the above- 
mentioned NiFe film into a predetermined configuration. A 
photolithography is used as this processing method. Although either 
the ion milling method or chemical etching is usable as the 
processing method, since it becomes a detailed pattern very much 
with improvement in recording density, the ion milling method is 
usually used. [0028] On the occasion of this patterning 
processing, a pattern is created so that MR height of an MR head 
can form along the thickness direction of the substrate of {111} 
sides. Thereby, the degree of angle of inclination of the above- 
mentioned crystal face can make the MR height direction and the 
depth direction of the magnetic gap of the recording head of a next 
process incline 54.7 degrees to a substrate front face. [0029] 
Then, although illustration has not been carried out, it is forming 
the high coercive force film for magnetic-domain control, and the 
lead pattern for read-out, and forming the upper shield layer 22 
through an insulating layer further, and the MR head for 
reproduction is manufactured. [0030] Next, the up shield 22 formed 
is used with the core of a recording head in common, and 
"constitutes a recording head. First, 0.3 micrometers of insulating 
layers of Si02 grade are formed as gap material. Next, Cu film is 
formed as a coil 4 for record. The Cu film concerned is formed by 
selection plating. [0031] In addition, it is usually necessary to 
form the insulating layer in a recording head thickly, and on the 
request, after applying a photosensitive organic film, after 
forming in a predetermined pattern, it performs baking. Then, an up 
core is formed by the NiFe plating film 23. If a magnetic gap is 
parallel to a substrate also about a recording head, there is 
nothing, and the thin film magnetic head which inclined 54.7 
degrees can be formed. [0032] The above-mentioned thin film 
magnetic head is formed of the processing process of the following 
**. Explanatory drawing of the processing process concerned is 
shown in drawing 2 . If it says by contrast with conventional it ( 
drawing 7 ) , this application will propose the new processing 
process conventionally replaced with the process of Step 1 in a 
processing process - Step 3. In addition, also in the following 
explanation, the example in the case of processing the thin film 
magnetic head into the configuration of the risen to surface ] 
type head for hard disks like the conventional explanation of that 
is shown. [0033] Thin film magnetic-head formation processing 
which mentioned above Si single crystal substrate 1 front face 
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first is performed. In this case, two or more thin film magnetic- 
head structures are formed in the front face of a substrate 1 in 
the shape of a matrix so that it may illustrate. [0034] This 
formation processing can.be formed by the anisotropic etching of 
Si. The etching rate of anisotropic etching is the above speed by 
1 -micron/, and is quick 2 or more figures compared with processing 
by ion milling. Furthermore, although it is ruined in ion milling, 
the magnetic head which in the case of the anisotropic etching of 
Si it becomes possible [ processing a very smooth field ] since the 
crystal face comes out as a slant face as it is, and has the stable 
surfacing property can be manufactured. [0035] After forming the 
thin film magnetic head on a substrate 1 as mentioned above (Step 
1 ) , the depth of gap of deletion and MR height of an unnecessary 
pattern, and a recording head is set up by grinding a substrate 
front face precisely (Step 2) . Then, a CSS-proof (Contact Start 
Stop) property can be acquired by forming DLC (Diamond Like Carbon) 
by CVD for protection and the lubricous purpose. Depending on a 
ground, although a DLC film usually has small adhesion intensity, 
on Si, a membraneous good thing can be formed with very sufficient 
adhesion. [0036] Next, the example about how to pull out an 
electrode is explained using drawing 4 . At this time, the head 
chip formed on the substrate is divided in each chip unit (Step 3) . 
The enlarged view of the chip concerned is shown in drawing 3 . The 
head pattern is formed in the front-face side of a substrate 1 as 
shown in drawing 3 . [0037] The electrode- terminal pattern 5 is 
beforehand formed in each thin film magnetic-head element pattern 
by the side of record intermediation dignity. Like formation of a 
gap forming face or a slider rail, the hole of a V type is formed 
from the rear face of a substrate using anisotropic etching, and 
"the rear face of the pattern of an electrode 5 is exposed so that 
it may correspond to the pattern of this terminal ". * By embedding 
lead wire 7 by the conductive resin 6 at the V groove formed in the 
rear face of Si, record of the thin film magnetic head and a 
regenerative signal can take out, and wiring [ like ] can be 
performed. [0038] Thus, by attaching the made head in a 
suspension, the thin film magnetic head for hard disks is completed 
(Step 4) . [0039] (Gestalt 2 of operation) Other examples of this 
invention are shown in drawing 5 . this invention forms a recording 
head and the reproducing head using the slant face of Si {111} 
different, respectively. In the head of such structure, there is no 
need of forming a recording head and the reproducing head in order, 
and a magnetic film and membrane formation of an insulating layer 
can be performed simultaneously. It is shown that the layer of the 
same number is formed in the same process all over drawing. 
Therefore, simplification of a head processing process can be 
attained. [0040] (Gestalt 3 of operation) Other examples for 
processing a slider configuration are explained. Although the 
substrate which formed the pattern corresponding to the slider 
configuration by anisotropic etching beforehand was used in the 
example 1, the object which formed a part for the heights of Si 
only in the portion which makes the gap of the magnetic head 
incline is used for a substrate in this example. A DLC film is 
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thickly formed in the thin film magnetic-head substrate created by 
such substrate like the example 1 as a protective coat of a head. 
Then, the depth of gap of MR height and a recording head is set up 
by grinding a substrate front face precisely similarly. The wear- 
resistant high magnetic head which used the thick DLC film as the 
slider can be formed very much by processing the ground field into 
a slider configuration by the ion milling method. [0041] [Effect 
of the Invention] As mentioned above, since it can be processed to 
the last configuration, without dividing [ like the thin film 
magnetic head of this invention ] a substrate in the process which 
processes a slider configuration using Si substrate by using the 
inclined plane by anisotropic etching in the direction of the depth 
of gap further, large simplification of a manufacture process can 
be attained. [0042] Furthermore, since the process tolerance of a 
slider configuration can process a very smooth field well, the 
surfacing property stabilized very much rather than the case where 
it is processed by the conventional ion milling method is acquired. 
[0043] Moreover, since processing quick 2 figures is possible as 
compared with the former, improvement in productivity can be aimed 
at. 

CLAIMS 

[Claim(s)] [Claim 1] It is the thin film magnetic head which it is 
the thin film magnetic head by which MR reproducing-head section, 
the recording head section, etc. are formed on the single-crystal- 
silicon substrate, the aforementioned silicon substrate is formed 
in the configuration which has the {111} side sections and the 
{100} side sections, and the section near the record-medium opposed 
face of the aforementioned MR reproducing-head section and the 
"aforementioned recording head section is located oh the above- 
mentioned {111} sides, and is characterized by to form portions 
other than the near section concerned on the above-mentioned {100} 
sides. [Claim 2] The thin film magnetic head according to claim 1 
characterized by taking out the lead wire for signal drawers from 
the rear face of a single-crystal-silicon substrate. [Claim 3] It 
is the thin film magnetic head according to claim 1 characterized 
by forming two or more {111} sides on the above-mentioned single- 
crystal-silicon substrate, and forming the above-mentioned MR 
reproducing-head section and the above-mentioned recording head 
section on mutually different {111} forming faces. [Claim 4] It is 
the thin film magnetic head by which MR reproducing-head section, 
the recording head section, etc. are formed on the single-crystal- 
silicon substrate. The aforementioned silicon substrate is formed 
in the configuration which has the {111} side sections and the 
{100} side sections. The section near the record-medium opposed 
face of the aforementioned MR reproducing-head section and the 
aforementioned recording head section is located on the above- 
mentioned {111} sides. Portions other than the near section 
concerned are the manufacture methods of the thin film magnetic 
head which is the method of manufacturing the thin film magnetic 
head currently formed on the above-mentioned {100} sides, and is 



6 



characterized by forming the aforementioned {111} field by 
anisotropic etching. 

[Translation done.] 
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